provide additional evidence to support classical studies based on karyology.
The genus Sigmodon is a wide-ranging group occurring from the southern United States, south through Mexico to the northern coastal regions of South America (Baker 1969) . Previously, I discussed the chromosomal relationships of seven species of Sigmodon with a brief analysis of male meiosis in three species (Zimmerman 1970) . A more thorough analysis of this phenomenon in the seven recognized species of Sigmodon is presented here with a discussion of the significance of interspecific differences in meiosis.
Methods
Testicular tissue for meiotic preparations was prepared in essentially the same manner as for mitotic material as described by Lee (1969) . A small portion of the seminiferous tubules from one testis was vigorously aspirated in a solution of 1 per cent sodium citrate. This material was processed through the first fixative as described by Lee (1969) for bone marrow. After the first resuspension, the fixed tubules were allowed to settle to the bottom of a centrifuge tube; the cell suspension was decanted into a clean tube and processed in the same way as bone marrow. Flame-dried preparations were then stained with Giemsa. As many as 20 cells of each meiotic stage were examined for each animal to determine if differences noted were consistent and not a result of technique. Mitotic cells from bone marrow were prepared for all specimens reported herein, and conventional museum specimens are deposited in the Museum of Zoology, North Texas State University and the Museum of Natural History, University of Illinois for identifica tion and future reference.
Results
The species of Sigmodon examined with their locations of collection are listed in Table 1 . Sigmodon hispidus (2n=52). The leptotene stage of S. hispidus is similar to that found in other mammals. The chromosomes appear as thin, elongated threads. By pachynema, the synapsed chromosomes have become shortened, and in many cells, individual bivalents can be distinguished (Fig. 1) . The darkly stained sex vesicle is prominent in this stage, as is the case of most other Table 1 . Source of specimens and diploid number of seven species of Sigmodon mammals that have been studied (Mittwoch 1967) , and represents the positively heteropycnotic X and Y chromosomes in a precociously contracted state (Ford and Woollam 1966) . By diakinesis, the sex bivalent has become elongated, i.e., negatively heteropycnotic, and stains faintly (Fig. 1) . Cells in diakinesis exhibit 26 bivalents. The sex bivalent is especially elongate and possesses two minute regions of euchromatin in the area of the junction of the X and Y chromosomes. In many cells, another region of euchromatin is present on the medial portion of the long arms of the X. The X and Y chromosomes appear to be associated end to end as is the case in most mammals including Rattus-norvegicus (Ohno et al. 1958) , Mus musculus (Ohno et al. 1959; Geyer-Duszynska 1963) , Man (Sachs 1954), Meso -cricetus auratus and Phodopus sungorus (Pogosianz 1970) . In a few cases, and especially in better preparations, there appears to be pairing between the short arms of the X and Y chromosomes (Fig. 1) . These pairing segments could be construed to represent regions of homology, and I do not believe these areas represent chias mata. Sigmodon leucotis (2n=52). In its karyotype, S. leucotis is very similar to S. hispidus, the only difference being in the morphology of the sex chromosomes (Zimmerman 1970) . The leptotene and pachytene stages of meiosis are similar to those found in S. hispidus. In pachynema the sex vesicle stains darkly and is con- spicuous ( Fig. 2) . Cells in diakinesis exhibit 26 bivalents, and the sex bivalent is elongate with a region of euchromation on the Y chromosome ( Fig. 2 ). S. ochrognathus (2n=52) and S. alleni (2n=52). The leptotene and pachytene stages of these species are similar to those of S. hispidus and S. leucotis with a dark staining sex vesicle in pachynema ( Fig. 2 and Fig. 3 ). In diakinesis, 26 bivalents are present, and the X-Y bivalent is elongate with an end to end association. Areas of euchromatin are located on the X and Y chromosome in the region of their junction. In all species described above (S. hispidus, S. leucotis, S. ochrognathus, and S. alleni) the sex vesicle has a dark and light zone in pachynema. In some instances, a small chromatin thread was observed to protrude from the sex vesicle, a condition previously observed by Pogosianz (1970) in Phodopus sungorus.
Sigmodon arizonae (2n=22 or 24). The leptotene stage in this species is similar to that found in other species in the genus Sigmodon. At pachynema, the bivalents are individually distinguishable in many cases (Fig. 3) . A distinctive feature of pachynema in S. arizonae is the condition of the sex bivalent. The sex vesicle is negatively heteropycnotic in pachynema, and the X-Y bivalent is characteristically elongate during this stage and appears as a loose ball of yarn. The sex bivalent from a pachytene cell which was disrupted in preparation is shown in Fig. 3 . Com- parison of this X-Y bivalent with the one shown in diakinesis in Fig. 1 indicates the degree of similarity in the stage of elongation of the two . It is evident that the sex chromosomes begin to elongate much earlier in meiosis in this species than in S. hispidus, S. leucotis, S. alleni and S. ochrognatus . Cells in leptonema clearly illustrate a positively heteropycnotic sex vesicle . Decondensation of the sex bivalent apparently occurs late in leptonema. Cells in diakinesis in S . arizonae with a 2n of 22 or 24 possess 11 or 12 bivalents, respectively . Minute regions of euchromatin are seen at the junction of the X and Y chromosomes .
Sigmodon mascotensis (2n=28). The leptotene and pachytene stages of meiosis of this species are similar to those described for S. arizonae. As in S. arizonae, the sex chromosomes are elongate in pachynema (Fig. 4) . Cells in diakinesis possess 14 bivalents. A region of euchromatin is found on the distal portion of the X chro mosome, and a minute euchromatic region is also exhibited at the junction of the X and Y chromosomes (Fig. 4) .
Sigmodon fulviventer (2n= 28, 29, or 30). This species exhibits Robertsonian polymor phism resulting in variation in diploid number (Lee and Zim merman 1969) . Leptotene and pachytene stages of this species are similar to those of S. arizo nae and S. mascotensis. The sex bivalent in S. fulviventer is elongate in pachynema also (Fig. 4) . The X and Y chro mosomes are arranged end to end. A major portion of the Y chromosome appears to be euchromatic, and a euchromatic area also exists on the X chro mosome at its junction with the Y (Fig. 4) . Cells in diakinesis possess 14 bivalents in animals with 2n=28 and 29, and 15 bivalents in those with 2n=30. alyzed is similar in the main sequence of stages to that of other mammals, the differ ence in allocyclic behavior of the sex chromosomes is unique. To my knowledge, the precocious elongation of the sex bivalent as found in S. arizonae, S. mascotensis, and S. fulviventer has been reported only for certain species of the murid rodent genus Apo demus where portions of the sex bivalent appear to be elongated during early stages of prophase (Makino 1951) . Those mammals studied most extensively typically show a positively heteropycnotic sex bivalent during pachynema with the sex bivalent elon gated to a negatively heteropycnotic state during diplotene and diakinesis. In con trast, Pogosianz (1970) described the sex vesicle of Phodopus sungorus to include a light and dark zone. He concluded that the dark zone included paired segments of the sex chromosomes, and the light zone was represented by a non-condensed arm of the X chromosome. This non-condensed arm was often seen protruding from the sex vesicle. The paired segment of the X chromosome in P. sungorus remained tightly coiled through diplotene and diakinesis, and only the unpaired segment became negatively heteropycnotic. Indeed, some species of Sigmodon (S. hispidus, S. leucotis, S. alleni, and S. ochrognathus) occasionally exhibit a light and dark zone in the sex vesicle with a protruding thread, but both arms of the X chromosome are negatively heteropycnotic at diplotene and diakinesis. S. arizonae, S. masco tensis, and S. fulviventer are of the opposite extreme, with no indication of condensa tion during pachytene. Based on karyotypic evidence (Zimmerman 1970) , there are two groups of species in the genus Sigmodon. For convenience, the modal diploid and funda mental number of each species is used. One group with high diploid and funda mental numbers (number of autosomal arms) includes S. hispidus (2n=52; FN= 52), S. leucotis (2n=52; FN=52), S. ochrognathus (2n=26; FN=66), and S. alleni (2n=52; FN=64). The other group contains three species: S. arizonae (2n=22; FN=38), S. mascotensis (2n=28; FN=26), and S. fulviventer (2n=28, 29 and 30; FN=34); all of these have low diploid and fundamental numbers. Inter -specific variation in the high 2n-FN group appears to be result of pericentric inversions. Differences in chromosomes between species of the low 2n-FN group probably resulted from a more complex series of rearrangements including peri centric inversions and Robertsonian changes.
On the basis of meiotic behavior of the sex chromosomes, members of the high 2n-FN group all show the more typical positively heteropycnotic state of the sex bivalent during pachynema. The sex bivalent of all species of the low 2n-FN group is negatively heteropycnotic during pachynema. The significance of such a differece may be difficult to determine, but of primary importance is the fact that the two chromosomally divergent groups of species within the genus Sigmodon are apparently also divergent in the meiotic behavior of their chromosomes. To my knowledge this is the first observation of such a difference within a genus of mammals.
On the basis of work by Lima de Faria et al. (1968) and others, Pogosianz (1970) has assumed that delayed condensation of the sex chromosomes reflects their functional state during meiosis, perhaps for production of vital products for normal cell division. If this is the case, sex chromosome activity is "turned off" much earlier in meiosis in species of the low 2n-FN group of Sigmodon than in those in the high group. It would appear that the functional activity of the sex chromosomes in the low 2n-FN group is completed before pachynema . If this is the correct assumption, this difference in activity of the sex chromosomes in meiosis should reflect the vast differences in the genomes of the 2n-FN groups I have considered previously (Zimmerman 1970) .
Morphologically, the species of the genus Sigmodon are similar (Baker 1969 ) chromosomally, the two species-groups are highly divergent . Undoubtedly, con clusions based on mitotic chromosomes cannot give the clearest picture of evolu tionary sequences in the genus, but the fact that meiotic behavior of the chromosomes is different between the two groups lends more support to my previous conclusions of relationships within the genus. As pointed out by Ford (1969) , there is much to be learned from meiotic studies of mammals . I am of the opinion that thorough studies of the meiotic behavior of chromosomes of certain mammalian genera will provide additional evidence to implications derived from mitotic analyses.
Summary
A study of the male meiosis in seven species of cotton rats, genus Sigmodon, was carried out. The general course of meiosis in four species, S. hispidus, S. leu cotis, S. ochrognathus, and S. alleni, is similar to that in other mammals studied. In pachynema, the sex bivalent is negatively heteropycnotic and tightly coiled to form the sex vesicle. In diakinesis, the sex bivalent is elongated and stains lightly. All of these species have a diploid number of 52, and 26 bivalents are seen in dia kinesis. In the remaining three species, S. arizonae, S. mascotensis, and S. fulvi venter, the sex bivalent is negatively heteropycnotic in pachynema with no indica tion of condensation. It would appear that the functional activity of the sex chromosomes in meiosis in these species is completed before pachynema. Dia -kinesis stages in S. arizonae (2n=22, 24) possess 11 or 12 bivalents; in S. fulviventer (2n=28, 29, or 30) 14 or 15 bivalents; and S. mascotensis (2n=28) 14 bivalents. Differences found in activity of the sex bivalent can be correlated with the two groups of Sigmodon established on the basis of diploid and fundamental numbers and represent another expression of the differences in genomes between the two groups.
